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(57) Abstract: In the intelligent type incubator system and a control method thereof, the system is constructed by various kinds 
of nurture/treatment equipments (20) which has an incubator (21), an artificial respiratory machine (22) and a therapeutic medicine 
injector (23), and which is provided for a nurture and/or a treatment of a patient; a measuring equipment for measuring and inputting 
various state data of the patient; and an artificial intelligence controller (50) for processing various kinds of state data of the patient 
(30) measured by the measuring equipment (40), as a control variable value for various setpoint values of the nurture/treatment 
equipment (20), on the basis of a neural network driven-type fuzzy inference model based on statistical information for a correlation 
between the state data of the patient (30) and an output of the nurture/treatment equipment (20) on the state data, and for controlling 
various outputs of the nurture/treatment equipment (20) on the basis of the processed control variable value. 
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ARTIFICIAL INTELLIGENCE INCUBATOR SYSTEM AND CONTROL 
METHOD THEREOF 



TECHNICAL FIELD 
5 The present invention relates to an intelligent type incubator system 

and a control method thereof; and more particularly, to an intelligent type 
incubator system and a control method thereof, in which various kinds of 
information data concerning checked state of a patient are processed as 
control data of various kinds of treatment equipments for maintaining a 
10 normal state of a corresponding patient, and the outputs of the 
corresponding treatment equipments are automatically controlled, to 
thereby make a state monitoring of the patient and its diagnosis and 
treatment operation, closed-loop automatic controlled. 

15 BACKGROUND ART 

In general, an incubator system is provided as an important medical 
equipment having a function of temporarily nursing a patient under an 
abnormal state like an immature infant, and of recovering to a normal state 
of the patient through an appropriate treatment. 

20 Fig. 1 is a block diagram of a conventional incubator system, and this 
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system is constructed by an incubator 12 for providing a proper 
environmental standard such as temperature, humidity and oxygen etc. 
within a closed space where there is a patient 11; an artificial respiratory 
machine 13 for controlling the breathing number and breathing pressure of 
5 the patient 1 1 etc. and artificially making the patient breathing; a therapeutic 
medicine injector 14 for injecting various therapeutic medicines to the 
patient 11; other equipments (not shown) for a treatment of the patient; and 
several kinds of measuring equipments 15 for measuring an 
electrocardiogram (ECG), blood pressure and the breathing number of the 

10 patient 11, etc. 

In managing the conventional incubator system like Fig. 1, at the 
present hospitals, numerous manpower such as doctors, nurses and/or , 
managing workers required is needed for all times of 24 hours, to monitor a 
physical change of state of the patient through several kinds of measuring 

15 equipments 15, re-determine an environment of the incubator 12 through a 
manual input equipment equipped with several kinds of treatment 
equipments such as the incubator 12, the respiratory machine 13 and the 
injector 14 etc. according to the monitoring result, or re-adjust a breath of 
the artificial respiratory machine(13) or an injection amount of the injector 

20 14, or perform a monitoring for an error operation of an entire system 
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containing various kinds of measuring equipments 15. 

However, in such conventional incubator system, a current state of 
the patient is recognized on the basis of measured values gotten by 
numerous measuring equipments, and a normal or abnormal state thereof is 

5 decided, and on the basis of doctor s own treatment experience and medical 
knowledge, reference inputs of various kinds of treatment equipments such 
as the incubator, the artificial respiratory machine and the injector etc. 
should be adjusted manually. Therefore, there are many problems for an 
economic waste caused by a commitment of much manpower and time, an 

10 inconvenience of a manual manipulation and a possibility for a diagnosis ■ 
error which is caused by referring to a large number of state data for the 
sake of a decision of the doctor on a treatment method of the patient, etc. 

DISCLOSURE OF THE INVENTION 
15 Accordingly, the present invention is directed to an intelligent type 

incubator system and a control method thereof that substantially obviates 

one or more of the limitations and disadvantages of the related art. 

A primary object of the present invention is to provide an intelligent 

type incubator system and a control method thereof, which is capable of 
20 making a state monitoring of a patient and its diagnosis and treatment 
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operation, closed- loop automatic controlled. 

In accordance with the present invention for achieving the object, the 
intelligent type incubator system is constructed by a nurture/treatment 
equipment which includes an environment controlling part for controlling an 

5 air environment containing temperature, humidity and an oxygen amount 
within a given space according to a corresponding setpoint value, an 
artificially breathing part for artificially breathing of a lungs-breath life 
body according to the corresponding setpoint value, and an injection part for 
injecting various kinds of injection agents onto the life body according to the . . 

10 corresponding setpoint value; a measuring unit for measuring a state of the . 
life body like a medical and biological metabolism etc., the life body being as 
the object body under a nurture and/or a treatment through the 
nurture/treatment equipment; and an artificial intelligence controlling unit 
for processing state data of the life body measured by the measuring unit, as 

15 a control variable value for various setpoint values of the nurture/treatment 
equipment, on the basis of a neural network driven-type fuzzy inference 
model based on statistical information for a correlation between a state of 
the life body and an output of the nurture/treatment equipment, and for 
controlling the output of the nurture/treatment equipment on the basis of the 

20 processed control variable value. 

4 



WO 01/91691 PCT/KR01/00767 



In order to achieve the above objects in accordance with the present 
invention, in a controlling method of the intelligent type incubator system 
having the nurture/treatment equipment and manually varying a setpoint 
value of the nurture/treatment equipment according to a state of a 

* 

5 corresponding life body, the nurture/treatment equipment containing an 
incubator for controlling an air environment containing temperature, 
humidity and an oxygen amount within a given space according to the 
setpoint value, an artificial respiratory machine for artificially breathing of a 
lungs-breath life body according to the setpoint value, and an injecting 

10 apparatus for injecting various kinds of injection agents onto the life body ; 
according to the setpoint value; the method includes the steps of- 
constructing a plural number of fuzzy inference rules on the basis of a 
statistical distribution of the setpoint value of the nurture/treatment 
equipment on the state data of the life body, and forming the plural number 

15 of fuzzy inference rules as the structure of the neural network; dividing the 
state data of the life body and its based setpoint value of the 
nurture/treatment equipment into a plurality of groups corresponding to the 
plural number of fuzzy inference rules and establishing them, on the basis of 
expert information on the nurture and/or treatment of the life body, and 

20 forming the respective established groups as the neural network structure; 

♦ 
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individually dividing various kinds of state data of the life body for the 
learning into groups based on the number of the inference rules; deciding a 
coupling coefficient of the neural network of the respective groups through 
a repeated learning based on the neural network driven type fuzzy inference 

5 rules and the divided data, and also deciding a coupling coefficient of the 
neural network of the respective group through repeated learning based on 
the neural network structure of the respective group and the divided data; 
deciding a membership value of the state data measured and inputted from 
the corresponding life body on the basis of the learned neural network 

10 driven-type fuzzy inference model; deciding an estimation value of a 
corresponding setpoint value of the nurture/treatment equipment for the 
state data measured and inputted, on the basis of the learned neural network, 
model of the respective group; and calculating and getting the 
corresponding setpoint value of the nurture/treatment equipment on the 

15 basis of the decided membership value and estimation value, and controlling 
an output of a corresponding nurture/treatment equipment on the basis of 
the calculated setpoint value. 

In this present invention, a treatment experience of a corresponding 
expert doctor and a special knowledge for the life body, on the basis of a 

20 recognition for a state of the life body, are established as a 
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knowledge-based system of an artificial intelligence so that system itself 
has a judgment function, thereby, a corresponding nurture/treatment 
equipment is appropriately controlled so as to lead the life body to be 
normally nurtured, treated and restored to health. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to provide a 
further understanding of the invention and are incorporated in and constitute 
a part of this specification, illustrate embodiments of the invention and 
10 together with the description serve to explain the principles of the . 
invention. 

In the drawings- 
• Fig. 1 is a block diagram of a conventional incubator system; 

Fig. 2 indicates a block diagram of an intelligent type incubator 
15 system in one embodiment of the present invention; 

Fig. 3 depicts a constructive diagram for an algorithm of a neural 
network driven-type fuzzy inference model of an artificial intelligence 
controller shown in Fig. 2; 

Fig. 4 is a drawing showing, on a two dimensional plane, group data 
20 classified under an assumption that there are two inputs to embody a neural 
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network driven-type fuzzy inference model of an artificial intelligence 
controller shown in Fig. 2; and 

Fig. 5 sets forth a drawing showing another constructive example for 
embodying a inference rule of an artificial intelligence controller shown in 
5 Fig. 2. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Reference will now be made in detail to the preferred embodiments 
of the present invention, examples of which are illustrated in the 
10 accompanying drawings. 

In accordance with the present invention, an intelligent type 
incubator system and a controlling method thereof are described in detail, as 
follows. 

Fig. 2 is a block diagram of an intelligent type incubator system in 
15 one embodiment of the present invention, and the intelligent type incubator 
system includes a nurture/treatment equipment 20 which has an incubator 
21 for outputting temperature of air, humidity, oxygen, pressure, and air 
controlled by each setpoint value for an air flowing quantity, and controlling 
a quality of air supplied into the inside of a given space, an artificial 
20 respiratory machine 22 for outputting oxygen controlled according to each 
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setpoint value for expiration/inspiration pressure, oxygen content, the 
breathing number per unit time, humidity and temperature, and for 
artificially breathing of the lungs breathing life body (hereinafter, referred 
to as "patient") 30, a therapeutic medicine injector 23 for controlling and 
5 outputting an actual injection amount according to a setpoint value 
concerning the injection amount and for injecting various kinds of a 
therapeutic medicine to the patient 30; a measuring equipment 40 for 
measuring and inputting various kinds of state data which contains an 
electrocardiogram (ECG) having irregular pulse and the pulse number 

10 representing a state of a medical and biological metabolism etc. of the 
patient 30, and also contains the breathing number, an oxygen saturation- 
degree, percutaneous oxygen partial pressure, percutaneous dioxide partial 
pressure, body temperature, weight and ages; and an artificial intelligence 
controller 50 for processing various kinds of state data of the patient 30 

15 measured by the measuring equipment 40, as a control variable value for 
various setpoint values of the nurture/treatment equipment 20, on the basis 
of a neural network driven-type fuzzy inference model based on statistical 
information for a correlation between the state data of the patient 30 and an 
output of the nurture/treatment equipment 20 on the state data, and for 

20 controlling various outputs of the nurture/treatment equipment 20 on the 
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basis of the processed control variable value. 

Referring to Fig. 2, in the present invention it is formed a closed-loop 
system constructed by the nurture/treatment equipment 20, the patient 30, 
the measuring equipment 40 and the artificial intelligence controller 50. The 
5 artificial intelligence controller 50 receives in feedback a state of the patient 
30 through the measuring equipment 40, and processes and outputs the 
inputted state data of the patient, as the control variable value for various 
setpoint values, on the basis of the neural network driven-type fuzzy 
inference model, and sends out it as an input signal of the nurture/treatment 

10 equipment 20 containing the incubator 21, the artificial respiratory machine 
22 and/or the injector 23, to thereby control the control object like the 
patient 30 through various kinds of nurture/treatment equipments 20. 

In an aspect of a dynamic viewpoint, the artificial controller 50 
performs a function of recovering the patient to a stabilized balance state, 

15 namely, a normal state, through an appropriate procedure, on the basis of 
knowledge for a current state and a peculiarity of the patient 30, namely, 
treatment experience of a doctor and medical knowledge for the human 
body etc. 

It is described contents for the input/output signals constructing the 
20 inventive system, as follows. 
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An input of the incubator 21 become a setpoint values for humidity, 
oxygen partial pressure and temperature of air supplied to the incubator 21 
inside, and an air flowing amount, and an output thereof becomes the air 
controlled by the setpointed value. An input of the artificial respiratory 
5 machine 22 becomes a setpoint value for expiration/inspiration pressure, an 
oxygen content, the breathing number per unit time, humidity and 
temperature, and an output thereof becomes the oxygen controlled by the 
setpoint value. An input of the therapeutic medicine injector 23 becomes a 
setpoint value for the amount of the therapeutic medicine injection, and an 
10 output thereof becomes an actual injection amount based on the setpoint 
value. An input of the patient 30 becomes various kinds of outputs of the 
nurture/treatment equipment 20 which contains the incubator 21, the 
respiratory machine 22 and the injector 23, and an output thereof becomes, 

* 

a state of the patient, the electrocardiogram (ECG) having the irregular 
15 pulse and the pulse number, blood pressure, the breathing number, the 
oxygen saturation degree, the percutaneous oxygen partial pressure, the 
percutaneous dioxide partial pressure, the body temperature, the weight 
and age, etc. 

The artificial intelligence controller 50 gains information for value of 
20 the above-mentioned input/output signal, and processes the current state 
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data of the patient 30 measured by the measuring equipment 40, as the 
control variable value for various setpoint values of the nurture/treatment 
equipment 20, on the basis of the neural network driven-type fuzzy 
inference model established by the expert knowledge and statistical 
5 information for the correlation between various state data of the patient 30 
and a selective output of the nurture/treatment equipment 20, and also, 
controls various outputs of the nurture/treatment equipment 20 on the basis 
of the processed control variable value. The establishment of the neural 
network driven-type fuzzy inference model and its inventive control method 

■ 

10 are described in detail, as follows. 

Fig. 3 is a constructive diagram for an algorithm of the neural 
network driven-type fuzzy inference model of the artificial intelligence 
controller 50 shown in Fig. 2. Describing first a decision method of the 
membership value, the fuzzy inference model constructs a fuzzy inference 

15 rule by using the expert knowledge of a doctor and the statistic distribution 
of the setpoint value of the nurture/treatment equipment 20 for various 
kinds of state data of a patient, and the state data of the patient for a learning 
is divided into groups by the number of rules, and it is decided a coupling 
coefficient of units in each hierarchy of the neural network NNm through the 

20 learning- From such learned neural network model, the membership value 
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Offl, juF 2, . . . , //Fr) of actual state data (xil, xi2, . . . . , xin) is decided. 

Next, describing a decision for an output value of the artificial 
intelligence controller 50, the state data of the patient for the learning, and 
its based output value, namely, the setpoint value of the nurture/treatment 
5 equipment 20, are classified according to the rule, and the coupling 
coefficient of the neural network is decided. An estimated output value (y e i\ 

Yei 2 , . . . , Yei r ) for an actual state input (xu, Xi2, , x^) is obtained from the 

learned neural network model (NNi~NN r ), and is combined with the 
previously obtained membership value (#Fi, #F2, . . . , /*F r ), thus a setpoint 
10 value (yi*) of the nurture/treatment equipment 20 to control the state of the 
patient 30 is gained. 

A driving algorithm of the neural network driven-type fuzzy 

* 

inference model of such artificial intelligence controller 50 is described in 
detail step by step, as follows. 
15 In a first step, an input variable value concerning an output Yi is 

decided. For example, if the blood pressure, the breathing number and the 
body temperature of the patient becomes close to temperature within the 

9 

incubator, an input variable xj of the controller 50 becomes the blood 
pressure, the breathing number and the body temperature measured and fed 
20 back from the patient, and an output of the controller 50 becomes setpoint 
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temperature of the incubator 21. Representing in symbols, it becomes the 
input variable Xi T = (xji, Xj2, Xi 3 ), and Xii represents the blood pressure, x& 
indicates the breathing number, Xi3 as the human body temperature, y\ as the 
setpoint temperature, and i represents a time sequence. 

i 

5 In a second step, the input/output data for the variable value decided 

like the first step is divided into groups of the r number based on the number 
of inferences as shown in Fig. 4, and each group is represented as Gj(j = 1, 

♦ 

* 

2, . . . , r). For instances, data ensured from the treatment experience and 
medical knowledge of a doctor is classified into groups of the r number 
10 according to a statistical distribution of an output. Assuming that there are 
two inputs for convenience, the classified group data can be represented on 
the two-dimensional plane as shown in Fig. 4. 

In a third step, the coupling coefficient of a network is decided from 
a neural network structure NN m of a membership function of Fig. 3 and the 
15 data divided into the groups of the r number through repeated learning. For 
instances, in case that the input data x, belongs to a group G2, an output of 
NN m becomes (0, 1, 0, 0, ... , 0). 

In a fourth step, the coupling coefficient of the network is decided 
through the repeated learning from a neural network structure NNi. 

20 NN 2 NN r of Fig. 3 and a divided data group, namely, (xi j , yi j ). For 
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example, if the input data is the data belonging to the G2 group, the coupling 
coefficient is decided through an application to the NN2 structure. 

In a final fifth step, data measured in real time and extracted, namely, 
the state data of the patient, will be generally distributed randomly within a 
5 given range. At this time, an output value of the controller 50 is decided 
from the inference network structure decided in the fourth step on the 
following numerical expression 1. 

y i= _JZi_ (1) 

For example, when an output of the membership function NN m is 
10 "jtiFi(xi) = (0.5, 0.2, 0.2), j=l,2,3", and an output of NNj is Vei = (3, 1, 0.5)", it 
becomes "yi* = 0.8/0.9 = 2", and a final output value is gained by applying a 
proper scaling factor determined in a data manipulation, and this value is 
provided as the output of the controller 50. 

Fig. 5 presents another constructive example for realizing a 
15 inference rule of the artificial intelligence controller shown in Fig. 2, and 
herewith, an output y* is obtained as follows. 

In a first step, a fuzzy inference rule is decided by the r number, from 
the statistical distribution of the input/output data. For instances, R 1 : IF xi is 

15 
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Aii.i, and x 2 is Ai2,2 THEN y = 0)i(xi, x 2 ). Herewith, it is assumed that the 
input variable is two of x x and x 2 , and i = 1, 2, . . . t r (the number of inference 
rules), and Aa.i and Ai 2 . 2 represent a membership function of the input 
variables xi, x 2 , and ii, i 2 indicates a sort of a membership function for the 
5 respective input variables xi and x 2 , and o>i is an inference value 
corresponding to each inference rule decided by the learning, 
lii = Au.i(xi) Ai 2 . 2 (x 2 ) 




(2) 



In a final third step, an inference value y* of an output is decided on 
10 the basis of the following numerical expression 3. 

y* = jll ( 3 ) 

1 = 1 

■ 

INDUSTRIAL APPLICABILITY 

As afore-mentioned, in the inventive intelligent type incubator 
15 system and a control method thereof, the existing open loop incubator 
system adjusted manually and operated by a setpoint value is constructed as 
a closed-loop system by realizing an artificial intelligence controller based 

16 
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on a neural network driven- type fuzzy inference model, to whereby control 
a state of a patient automatically and recover to a normal state. Accordingly, 
according to an establishment of the inventive closed-loop automatic 
control system, there are advantages of remarkably lessening an economic 
5 waste caused by numerous manpower commitment to the existing incubator 
system and reducing an error in a diagnosis and treatment to be caused by a 
frequent monitoring on a state of the patient. 

It will be apparent to those skilled in the art that various controls 
and variations can be made in the present invention without deviating from 
10 the spirit or scope of the invention. Thus, it is intended that the present 
invention cover the controls and variations of this invention provided they 
come within the scope of the appended claims and their equivalents. 
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WHAT IS CLAIMED IS: 

1. An intelligent type incubator system comprising: 
a nurture/treatment equipment which includes an environment 
5 controlling part for controlling an air environment containing temperature, 
humidity and an oxygen amount within a given space according to a 
corresponding setpoint value, an artificially breathing part for artificially 
breathing of a lungs-breath life body according to the corresponding 
setpoint value, and an injection part for injecting various kinds of injection 
10 agents onto the life body according to the corresponding setpoint value; 

a measuring unit for measuring a state of the life body as the object 
body under a nurture and/or a treatment through the nurture/treatment 
equipment; and 

an artificial intelligence controlling unit for processing state data of 
15 the life body measured by the measuring unit, as a control variable value for 
various setpoint values of the nurture/treatment equipment, on the basis of a 
neural network driven-type fuzzy inference model based on statistical 
information for a correlation between a state of the life body and an output 
of the nurture/treatment equipment, and for controlling an output of the 
20 nurture/treatment equipment on the basis of the processed control variable 
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value. 

2. A controlling method of an intelligent type incubator system, said 
intelligent type incubator system having a nurture/treatment equipment and 
being for manually varying a setpoint value of the nurture/treatment 
5 equipment according to a state of a corresponding life body, to nurture 
and/or treat the life body, wherein said nurture/treatment equipment 
contains an incubator for controlling an air environment containing 
temperature, humidity and an oxygen amount within a given space according 
to the setpoint value, an artificial respiratory machine for artificially 
10 breathing of a lungs-breath life body according to the setpoint value, and an 
injecting apparatus for injecting various kinds of injection agents onto the 
life body according to the setpoint value, said method comprising the. steps 
of: 

constructing a plural number of fuzzy inference rules on the basis of 
15 a statistical distribution of the setpoint value of the nurture/treatment 
equipment on state data of the life body, and forming the plural number of 
fuzzy inference rules as a neural network structure; 

dividing the state data of the life body and its based setpoint value 
of the nurture/treatment equipment into a plurality of groups corresponding 
20 to the plural number of fuzzy inference rules, and establishing them, on the 
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basis of expert information on the nurture and/or treatment of the life body, 
and forming the respective established groups as the neural network 
structure; 

separating individually various kinds of state data of the life body 
5 for a learning into groups based on the number of the inference rules; 

deciding a coupling coefficient of the neural network through a 
repeated learning based on the neural network driven type fuzzy inference 
rules and the divided data, and also, deciding the coupling coefficient of the 
neural network of the respective groups through the repeated learning 
10 based on the neural network structure of the respective groups and the 
divided data; 

deciding a membership value of the state data measured and inputted 
from a corresponding life body on the basis of the learned neural network 
driven-type fuzzy inference model; 
15 deciding an estimation value of a corresponding setpoint value of the 

nurture/treatment equipment for the state data measured and inputted, on 
the basis of the learned neural network model of the respective group; and 
calculating the corresponding setpoint value of the nurture/treatment 
equipment on the basis of the decided membership value and estimation 
20 value, and controlling an output of a corresponding nurture/treatment 
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equipment on the basis of the calculated setpoint value. 

3. The method of claim 2, wherein said setpoint value of said 
incubator contains a setpoint value for temperature, humidity, oxygen 
partial pressure and a flowing amount of air supplied to the incubator inside, 
5 said setpoint value of said artificial respiratory machine contains a setpoint 
value for expiration/inspiration pressure, an oxygen content, the breathing 
number per unit time, the humidity and the temperature, and said setpoint 
value of said injecting apparatus contains a setpoint value of an injection 
amount. 

10 4. The method of claim 2 or 3, wherein said state data of the life 

body contains an electrocardiogram (ECG) having irregular pulse and the 
pulse number, the breathing number, an oxygen saturation degree, 
percutaneous oxygen partial pressure, percutaneous dioxide partial 
pressure, body temperature, weight and ages. 

15 
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